We consider W ± gauge bosons production in connection with recent results from BNL-RHIC and FNAL-Tevatron and interesting predictions from the statistical parton distributions. They concern relevant aspects of the structure of the nucleon sea and the high-x region of the valence quark distributions. We also give predictions in view of future proton-neutron collisions experiments at BNL-RHIC.
Introduction
Several years ago a new set of parton distribution functions (PDF) was constructed in the framework of a statistical approach of the nucleon [1] , and we first recall very briefly, its main characteristic features. For quarks (antiquarks), the building blocks are the helicity dependent distributions q ± (x) (q ± (x)). This allows to describe simultaneously the unpolarized distributions q(x) = q + (x) + q − (x) and the helicity distributions ∆q(x) = q + (x) − q − (x) (similarly for antiquarks). At the initial energy scale taken at Q 2 0 = 4GeV 2 , these distributions are given by the sum of two terms, a quasi Fermi-Dirac function and a helicity independent diffractive contribution, which leads to a universal behavior at very low x for all flavors. The flavor asymmetry for the light sea, i.e.d(x) >ū(x), observed in the data is built in. This is clearly understood in terms of the Pauli exclusion principle, based on the fact that the proton contains two up-quarks and only one down-quark. The chiral properties of QCD lead to strong relations between q(x) andq(x). For example, it is found that the well estalished result ∆u(x) > 0 implies ∆ū(x) > 0 and similarly ∆d(x) < 0 leads to ∆d(x) < 0. This earlier prediction was confirmed by recent data. Concerning the gluon, the unpolarized distribution G(x, Q 2 0 ) is given in terms of a quasi Bose-Einstein function, with only one free parameter, and for consistency, one assumes zero gluon polarization, i.e. ∆G(x, Q 2 0 ) = 0, at the initial energy scale Q 2 0 . All unpolarized and helicity light quark distributions depend upon eight free parameters, which were determined in 2002 (see Ref. [1] ), from a next-to-leading (NLO) fit of a selected set of accurate DIS data. Concerning the strange quarks and antiquarks distributions, the statistical approach has been applied to calculate the strange quark asymmetry and the corresponding helicity distributions, which were found both negative at all x values [2] . Since the first determination of the free parameters, new tests against experimental (unpolarized and polarized) data turned out to be very satisfactory, in particular in hadronic reactions, as reported in Refs. [3, 4] . In this letter, we will consider some physical observables related to W ± boson production, in connection with specific features of the statistical distributions in the light quark sector, in particular the charge asymmetry and the parityviolating helicity asymmetries. This is another case where we are able to treat simultaneously unpolarized and helicity distributions.
The statistical parton distributions
We now review some of the basic features of the statistical approach, as oppose to the standard polynomial type parametrizations of the PDF, based on Regge theory at low x and on counting rules at large x. The fermion distributions are given by the sum of two terms [1] , a quasi Fermi-Dirac function and a helicity independent diffractive contribution equal for all light quarks:
at the input energy scale Q 
a quasi Bose-Einstein function, with b G = 0.90, the only free parameter, since A G = 20.53 is determined by the momentum sum rule. For consistency, we also assume that, at the input energy scale, the polarized gluon, distribution vanishes, so
For the strange quark distributions, the simple choice made in Ref. [1] was greatly improved in Ref. [2] , but they will not be considered in this paper. In Eqs.
(1,2) the multiplicative factors X h 0q and (X −h 0q ) −1 in the numerators of the non-diffractive parts of the q's andq's distributions, imply a modification of the quantum statistical form, we were led to propose in order to agree with experimental data. The presence of these multiplicative factors was justified in our earlier attempt to generate the transverse momentum dependence (TMD) [5] , which was revisited recently [6] .
3 W ± production inpp, pp and pn collisions Let us recall that for the W ± production in pp collision, the differential cross section dσ W ± pp /dy can be computed directly from the Drell-Yan picture in terms of the dominant quark-antiquark fusion reactions ud → W + and ud → W − . So for W + production, we have to lowest-order (LO)
where
, y is the rapidity of the W and √ s denotes the c.m. energy of the collision. For W − production, we have a similar expression, after quark flavors interchanged and clearly these y distributions are symmetric under y → −y. In the case ofpp collision we have
which is no longer symmetric under y → −y, but it simply follows that for
(−y). Let us now turn to the charge asymmetry defined as
It contains very valuable informations on the light quarks distributions inside the proton and in particular on the ratio of down-to up-quark, as noticed long time ago [7] . Although the cross sections are largely modified by NLO and NNLO QCD corrections, it turns out that these effects do not affect the LO calculation of the charge asymmetry [8] . A direct measurement of this asymmetry has been achieved by CDF at FNAL-Tevatron [9] and the results are shown in Fig. 1 , together with the prediction of the statistical approach. The agreement is very good and it is remarkable to note that in the high-y region the charge asymmetry tends to flatten out, following the behavior of our predicted d(x)/u(x) ratio in the high-x region (see Fig. 4 of Ref. [4] ).
Another interesting case to be studied is the production of W ± in protonneutron collision, since this is a realistic future possibility at BNL-RHIC [10] . It was first considered theoretically long time ago [11] and we recall that for W + production in pn collision one has
which is not symmetric under y → −y. So here also it is useful to envisage the measurement of the charge asymmetry defined as in Eq. (9) and the results of our calculations are shown in Fig. 2 . For both energies there is a rapid rise with the W rapidity and at high-y, a similar behavior to what we have observed forpp collision. Although the charge asymmetry vanishes at y = 0, there is no reason to expect such a behavior as a function of the lepton rapidity, in the leptonic decay of the W ± boson. This is an important physical observable that could be measured in the future at RHIC. By combining pp and pn collisions data at BNL-RHIC energies, one can envisage to pin down the flavor asymmetry of the sea from the following charge asymmetry
In terms of parton distributions, it simply reads
Clearly R W (y) is symmetric under y → −y and R W = 0 if the sea is flavor symmetric, which is not the case. Sinced(x) >ū(x), R W > 0 and we display in Fig. 3 our predictions for R W (y) calculated at two c.m. energies. It is easy to understand the energy behavior of R W (y), which decreases for increasing energy. For y = 0 one has x 1 = x 2 , so when the energy increases this commun value decreases and the differenceū −d becomes smaller. Finally let us now turn to spin-dependent observables and more precisely to the parity-violating helicity asymmetries A P V L , which are excellent tools for pinning down the quark helicity distributions, as first noticed in Ref. [12] . It allows their flavor separation without the complication of the fragmentation functions one has in semi-inclusive Deep Inelastic Scattering. For a direct determination of A P V L (y W ) as function of the W rapidity, it was found that, for y W large and positive the W − asymmetry is sensitive to −∆d/d and to ∆ū/ū for y W large and negative. Similarly, the W + asymmetry is sensitive to ∆d/d for y W large and positive and to −∆u/u for y W large and negative. However unlike for the charge asymmetry considered above from the CDF data, it is not possible to get a direct reconstruction of the W helicity asymmetry at BNL-RHIC and therefore we must cope with the helicity asymmetry at the lepton level. In this case we consider the processes − → p p → W ± + X → e ± + X, where the arrow denotes a longitudinally polarized proton and the outgoing e ± have been produced by the leptonic decay of the W ± boson. The helicity asymmetry is defined as
Here σ h denotes the cross section where the initial proton has helicity h. For W − production, the numerator of the asymmetry is found to be proportional to
where θ is the polar angle of the electron in the c.m.s., with θ = 0 in the forward direction of the polarized parton. The denominator of the asymmetry has a similar form, where the quark helicity distributions are replaced by unpolarized ones and with a plus sign between the two terms of the above expression. For W + production, the asymmetry is obtained by interchanging the quark flavors (u ↔ d). We first show in Fig. 4 the results of the calculations 3 of the helicity asymmetries, versus the charged-lepton rapidity y e , but for a clear interpretation some explanations are required [15] . At high negative y e , one has x 2 >> x 1 and θ >> π/2, so the first term in Eq. (14) dominates and the asymmetry generated by the W − production is driven by ∆ū(x 1 )/ū(x 1 ), for medium values of x 1 . Similarly for high positive y e , the second term in Eq. (14) dominates and now the asymmetry is driven by −∆d(x 1 )/d(x 1 ), for large values of x 1 . So we have a clear separation between these two contributions, like in the hypothetic case of the reconstructed W − asymmetry. We note in Fig. 4 that the W − asymmetry remains positive at high positive y e , which reflects the fact that ∆d(x)/d(x) remains negative at high-x, as predicted by the statistical approach (see Fig. 5 of Ref. [4] ). For the helicity asymmetry generated by the W + production, by examining the expression corresponding to Eq. (14), one finds a different situation because both terms compete and it does not allow a clean kinematical separation, between ∆d/d and −∆u/u 4 . However one observes that the W + asymmetry is negative, which is most probably due to the fact that ∆u is positive and large. Finally, our predictions in Fig. 4 seem to be in fair agreement with some preliminary data from STAR at BNL-RHIC, presented recently [16] .
Therefore the continuous agreement of our predictions with existing data leads us to conclude that our physical approach is based on very solid grounds. The measured W production charge asymmetry from CDF [9] versus the W rapidity y W and the prediction from the statistical approach. The green band represents the uncertainty with a CL of 68% for charged-lepton production at BNL-RHIC, through production and decay of W ± bosons. y e is the charged-lepton rapidity and the data points are from Ref. [16] 
